Background: Epidemiological studies have shown that hyperuricemia is associated with allcause and cardiovascular mortality in chronic kidney disease (CKD) and hemodialysis patients. Our study investigated the influence of serum uric acid (UA) levels on survival in peritoneal dialysis (PD) patients. Methods: This was a retrospective study involving 156 subjects who had undergone PD. The patient demographics, etiology of ESRD, comorbid conditions and other laboratory parameters were collected. The subjects were divided into three groups according to their serum UA concentrations (group 1, the lowest quartile; group 2, the middle quartiles; group 3, the highest quartile). The risk of death was calculated using a multivariate Cox regression model. Results: There were 41 deaths during a follow-up period of 31.3±17.5 months. Compared with group 2, which had a mortality rate of 5.7 per 1000 person-months, the mortality rates were higher in group 1 (14.3 per 1000 person-months, p<0.05) and group 3 (13.3 per 1000 person-months, p<0.05). A multivariable Cox regression model revealed that age, serum albumin, diabetes mellitus (DM), hypertensive nephropathy, residual renal function and UA group were factors associated with mortality in the PD patients. Using group 2 as a reference, the hazard ratio (HR) of mortality was found to be 1.15 (95% confidence interval [CI] 0.20-2.57, p>0.05) for group 1 and 2.96 (95% CI 1.29-6.80, p=0.01) for group 3. Conclusions: In PD patients, a higher serum UA level is related to increased mortality and is an independent risk factor for all-cause mortality. Uric acid levels and allcause mortality in peritoneal dialysis patients.
Introduction
An elevated serum uric acid (UA) concentration is frequently encountered in patients who are diagnosed with chronic kidney disease (CKD). Epidemiological studies have identified an association between hyperuricemia and cardiovascular risk in the general Feng/Jiang/Shi/Shen/Shi/Jin/Zeng/Wang: UA Levels and All-Cause Mortality in PD Patients population and in CKD patients [1] [2] [3] [4] . In hemodialysis patients, prior single-center studies have revealed a J-shaped relationship between UA levels and mortality [5, 6] . Two other studies have demonstrated that a lower UA level is associated with a higher risk of all-cause and cardiovascular mortality in hemodialysis patients [7, 8] .
To date, there has been no study on this topic in patients who had undergone peritoneal dialysis (PD). Previous studies have demonstrated that hyperuricemia can injure endothelial function [9] and cause rapid decrease in residual renal function [10] , which are risk factors for cardiovascular events and dialysis inadequacy, eventually causing poor outcome in PD patients. Our study investigated the relationship between serum UA levels and all-cause mortality in PD patients.
Subjects and Methods

Patients
This was a retrospective, longitudinal, observational study that included all the patients who began PD between January 1, 2007 and March 31, 2010. Patients' outcomes were documented until March 31, 2012. The patient demographics, etiology of ESRD, comorbid conditions and PD duration were obtained from the patient records and a computerized database in our unit. Transfer to hemodialysis, renal transplantation and death were defined as endpoints. Death during PD and within three months after conversion to HD was regarded as PD-related mortality. Patients who were transferred to HD or transplantation were censored from the patient survival analysis. The exclusion criteria included the following: (1) a PD duration of less than three months; (2) inadequate follow-up clinical information; (3) a history of renal transplantation; and (4) clinically diagnosed cirrhosis. The study protocol was approved by the ethics committee of our institution.
Comorbidity Assessments
Comorbidities were determined using the following criteria: hypertension was diagnosed as a systolic blood pressure of ≥140 mm Hg and/or a diastolic blood pressure of ≥90 mm Hg or the receipt of antihypertensive treatment; Diabetes mellitus (DM) was confirmed by a documented medical history and/ or underlying diabetic nephropathy; congestive heart failure was confirmed by a documented medical history or ultrasonic cardiography showing a left ventricular ejection fraction <40%; ischemic heart disease was confirmed by a documented medical history of coronary artery disease, myocardial infarction, coronary artery bypass surgery, angioplasty or abnormal angiography; Cerebrovascular accidents were confirmed by clinical symptoms, computed tomography and magnetic resonance angiography and/or cerebrovascular angiography findings; liver cirrhosis was diagnosed by abdominal ultrasonographic findings; and malignancies were confirmed by a documented medical history and/or pathological reports.
Collection of Clinical Characteristics
Fasting blood samples were obtained from all of the subjects before they began PD and 3 months after initiating PD. Serum UA levels were determined by the uricase-peroxidase method [11] .
Follow-up data from all subjects, including their serum UA, KT/V, residual renal function and D/P creatinine ratios at four hours, were collected at our center.
Statistical Analysis
Continuous variables are presented as the means±SD, and categorical variables are expressed as percentages unless otherwise indicated. Student's t-test was used for comparisons of continuous variables between two groups. Correlations were tested using the Pearson correlation method. The KolmogorovSmirnov test was used to analyze the distribution of continuous data for the presence of a normal distribution. The relationships between two or more groups of data were analyzed using the Pearson chi-squared test. Survival curves were generated by the Kaplan-Meier method and were compared by the log-rank test. Factors predictive of all-cause mortality were identified with a Cox regression. Factors with p<0.10 after univariate analysis were entered into the multivariable Cox regression model. A backward elimination procedure with removal set at p>0.05 was performed to identify independent predictors of all-Feng/Jiang/Shi/Shen/Shi/Jin/Zeng/Wang: UA Levels and All-Cause Mortality in PD Patients cause mortality in the dialysis patients. All the analyses were performed using SPSS 13.0 for Windows (SPSS Inc., Chicago, IL, USA), and p<0.05 was considered to be statistically significant.
Results
Eight patients were transferred out of the unit with no follow-up clinical information, one was diagnosed with cirrhosis at the beginning of PD, and six subjects died within three months after beginning PD. A total of 156 incident subjects were eligible for the final analysis. The mean duration of treatment was 31.3±17.5 months (range 3-75 months). Of the 171 incident subjects who were referred to the dialysis center during the study period, 120 patients underwent CAPD and 51 underwent DAPD. None of the patients underwent APD because of their medical insurance policies.
Patient Characteristics
Among the study subjects, 37% were female (n=58), and 63% were male (n=98).The mean age of the subjects was 54.1±17.4 years. Additional demographic characteristics, the etiology of the ESRD, comorbid conditions, and the laboratory characteristics of the patients are shown in Table 1 .
Ninety-five (61%) of the subjects had glomerulonephritis, 24 (15%) had diabetic nephropathy, 18 (12%) had hypertensive nephropathy, 4 (3%) had acquired obstructive uropathy, 6 (4%) had polycystic kidney disease, 2 (1%) had lupus nephritis, and 7 (4%) had unknown causes.
Causes of Death and Technique Failure
There were 41 subjects who died, of whom 23 died of cardiovascular events, including cardiac arrest (n=11), acute myocardial infarction (n=3), cardiac arrhythmias (n=2), heart failure (n=4) and stroke (n=3). Nine subjects died of infection, of whom four died of sepsis, two died of pneumonia, and three died of peritonitis. The other nine subjects died of cachexia (n=3), gastrointestinal bleeding (n=1) and unknown causes (n=5). There were 19 subjects who were transferred to hemodialysis for reasons including ultrafiltration failure (n=8), refractory heart failure (n=5), recurrent peritonitis (n=4) and tunnel infection (n=2). Five subjects underwent renal transplantation during the follow-up period.
UA Levels and Mortality
The results of the Kolmogorov-Smirnov test indicated that the serum UA values followed a normal distribution. The mean serum UA level was 8.5±2.1 mg/dl (range 3.4-14.3 mg/dl). There was no significant difference between the serum UA of the male cohort (8.6±2.1 mg/dl) and the female cohort (8.3±2.1 mg/dl) (p=0.437). The subjects diagnosed with diabetic nephropathy had a lower serum UA level (7.9±2.3 mg/dl) than those with no diabetic nephropathy (8.7 ± 2.0 mg/dl, p=0.027). Mean concentrations for group 1,2 and 3 were 5.9±1.0mg/dl, 8.4±0.8mg/dl and 11.3±1.0 mg/dl, respectively.
We transformed the serum UA levels into a categorical variable that comprised three serum UA groups, which were arbitrarily defined according to the percentile of the serum UA levels as follows: group 1, ≤25 th percentile (UA≤7.0 mg/dl, n=39); group 2, 26 th -75 th percentile (7.0<UA<10.0 mg/dl, n=78); and group 3, ≥76 th percentile (UA≥10.0 mg/dl, n=39). The laboratory characteristics of the three groups are shown in Table 2 .
In group 1 (n=39), 15 subjects died, producing a mortality of 14.3/1000 personmonths. In group 2 (n=78), 14 subjects died, for a mortality of 5.7/1000 person-months. In group 3 (n = 39), 12 subjects died, resulting in a mortality of 13.3/1000 person-months (Table 3 ). The Kaplan-Meier survival curves of the UA groups are shown in Figure 1 . Feng/Jiang/Shi/Shen/Shi/Jin/Zeng/Wang: UA Levels and All-Cause Mortality in PD Patients three months. The serum UA decreased from 8.5±2.1 mg/dl before PD to 7.7±1.5 mg/dl after PD (p<0.001). There was a significant association between the UA concentrations before and after dialysis (r=0.602, p<0.001).
The same method described above was used to assign the patients to three groups according to the percentile of the serum UA levels: group A, ≤25 th percentile (UA≤6.6 mg/ dl, n=39); group B, 26 th -75 th percentile (6.6<UA<8.6 mg/dl, n=78); and group C, ≥76 th percentile (UA≥8.6 mg/dl, n=39). Mean concentrations for group A,B and C were 5.8±0.5mg/ dl, 7.7±0.6mg/dl and 9.7±0.8 mg/dl, respectively.
Cox Regression Analysis of PD Patient Mortality
As shown in Table 4 , age, underlying hypertensive nephropathy (HTN), comorbidity with DM, serum albumin, CRP, phosphate, RRF and UA group were related to mortality in PD patients according to the results of a univariate Cox regression model. According to a multivariate Cox regression model using group 2 as the reference group (Table 5) , the HR of group 1 was 1.15 (95% CI 0.20-2.57, p=0.733), and the HR of group 3 was 2.96 (95% CI 1.29-6.80, p=0.01).
The relationship between the UA levels after PD and mortality was also examined. According to a univariate Cox regression model using group B as the reference group, the hazard ratio (HR) of group A was 2.17 (95% confidence interval [CI] 1.03-4.56, p=0.041), and the HR of group C was 2.39 (95% CI 1.12-5.11, p=0.025).The Kaplan-Meier survival Table 4 . Predictors of mortality in peritoneal dialysis patients (univariate Cox regression analysis) Table 5 . UA groups(before PD initiation) as an independent predictor of mortality in peritoneal dialysis patients (multivariate Cox regression analysis)
Feng/Jiang/Shi/Shen/Shi/Jin/Zeng/Wang: UA Levels and All-Cause Mortality in PD Patients curves of the UA groups are shown in Figure 2 . In a multivariate Cox regression model using group B as the reference group (Table 6) , the hazard ratio (HR) of group A was 0.89 (95% confidence interval [CI] 0.39-2.05, p=0.790), and the HR of group C was 5.36 (95% CI 2.26-12.71, p<0.001).
After PD initiation, 39 subjects in group1 changed to group A (n=20), group B (n=18) and group C (n=1). In group 2, 78 subjects changed to group A (n=18), group B (n=42) and group C (n=18). In group 3, 39 subjects changed to group A (n=1), group B (n=19) and group C (n=19). There were 38 subjects changed from a higher UA group into a lower UA group (group a). There were 37 subjects changed from a lower UA group into a higher UA group (group b). Other subjects were divided into group c (n=91). Patients who remained in the similar UA group after PD initiation showed a higher mortality with a marginally significance. The Kaplan-Meier survival curves of the UA groups are shown in Figure 3 . Table 6 . UA groups (after PD 3 months) as an independent predictor of mortality in peritoneal dialysis patients (multivariate Cox regression analysis) Fig. 2 . Kaplan-Meier survival curves of patients in different UA level groups (3 months after PD, Group B was used as the reference group). Fig. 3 . Kaplan-Meier survival curves of patients with changed UA groups before and after PD initiation. Group a, changed from a lower UA group into a higher group; Group b, changed from a higher UA group into a lower group; Group c, remained in a similar group.
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Discussion
To the best of our knowledge, this is the first study to examine the relationship between serum UA levels and all-cause mortality in PD patients. Our results demonstrate that the highest quartiles of UA levels were associated with a poorer outcome and that a higher UA level was an independent risk factor for all-cause mortality in the PD patients. Though a lower serum UA level was associated with elevated mortality in the PD patients, this effect disappeared after adjustment for concurrent situation such as malnutrition and DM.
In our study population, a relatively high proportion of ESRD was caused by glomerulonephritis, whereas the incidence of ESRD caused by DM and hypertension was lower. However, a previous study showed a similar result with regard to the etiology of ESRD in China [12] . The reason for this result may be the difference in ethnicity or the status of China as a developing country.
Consistent with previous studies of hemodialysis patients [5, 6] , our results showed that a higher UA level was an independent risk factor for all-cause mortality in dialysis patients. However, two other studies [7, 8] have demonstrated that a lower, not a higher, UA level was an independent risk factor for all-cause and cardiovascular disease (CVD) mortality in hemodialysis patients, which differs from the results of the present study. In patients diagnosed with hypertension [13] and DM [14] , a J-shaped relationship has been found between serum UA levels and CVD mortality, which also demonstrates an association between a higher UA level and a poor outcome.
Numerous studies have confirmed that elevated serum UA is associatedwith CVD and all-cause mortality [3, 4, [15] [16] [17] . In this study, a higher UA level was an independent risk factor for all-cause mortality in PD patients although the group 3 patients, who exhibited higher UA levels and poor outcomes, had a better nutritional status compared with the group 2 patients. Several mechanisms, which remain to be clarified, may be responsible for the relationship between a higher UA level and mortality in PD. First, different studies have supported the hypothesis that UA is an endothelial toxin and that hyperuricemia causes vascular disease via endothelial dysfunction. Hyperuricemia is associated with impaired nitric oxide production, which activates the renin-angiotensin system and induces endothelial dysfunction [18, 19] . The direct infusion of serum UA into the human brachial artery has been shown to cause endothelial dysfunction [20] . Second, UA levels have been positively correlated with insulin resistance, dyslipidemia, hypertension and atherosclerosis [2, 21, 22] . Additionally, elevated UA concentrations have been correlated with rheological disturbances, such as impaired platelet adhesion and aggregation [23] . The reasons mentioned above may relate to cardiovascular events and mortality in PD patients. Finally, elevated UA concentrations cause an accelerated decline in residual renal function [10] , which is a strong predictor of patient and technique survival in PD patients [24, 25] .
In the current study, the PD patient group with the lowest UA level exhibited increased mortality, but after adjusting for serum albumin levels and DM, this relationship was no longer significant. A decreased UA concentration may be a reflection of poor nutrition. After adjusting for serum albumin levels, group 1 showed a decreased HR (1.82, 95% CI 0.86-3.87) that was not significantly different (p=0.118) from that of the group 2 cohort. Furthermore, DM has already been established as a risk factor for mortality in PD. In this study, the elevated mortality in the group 1 cohort may have been caused by the higher incidence of DM, which is in accordance with a study reported by Lee SM et al. [7] .
In this study, PD lowered UA levels but had no influence on the associations of mortality with UA levels. The UA concentrations in group 1 and group A were close (5.9±1.0mg/dl vs 5.8±0.5mg/dl). In this set of patients, diabetes and malnutrition may increase all-cause mortality. Though group C showed a lower level of UA than group 3(9.7±0.8mg/dl vs 11.3±1.0 mg/dl), the concentration was still much higher than normal and may cause poor outcome. Furthermore, patients who remained in the similar UA group after PD initiation showed a higher mortality with a marginally significance (Figure 3) . The reason for this phenomenon is not well known and need further investigation.
